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INTRODUCTION
Between 24 July and 24 August 1962, tests were made at Eglin AFB, Florida, using ROBIN targets which had been chemically or mechanically modified to determine what effects the alterations had on the ROBIN performance. Some of the balloons were tracked by FPS-16 and MPS-19 radar simultaneously. During the course of the flights, meteorological data were gathered.
Since this information existed, a comparison of the two radar trackings was made in order to determine the error which would result in using the MPS-19 when more accurate radar (FPS-16) was not available.
The comparison is based on 32 soundings for altitudes ranging from 70 to 30 km. The bulk of the report is concerned with wind data which was available for every sounding. The thermodynamic data (density and derived pressure and temperature) was also studied. However, no useful results were obtained because of the limited number of acceptable soundings.
INSTRUMENTATION
The standard ROBIN (ROcket Balloon INstrumentation) targets are the 1/2-mil mylar, 1-meter spherical balloons developed as a payload for Arcas sounding (Received for publication 2 December 1963) 2 rockets. Upon ejection from the rockets, the spheres are inflated by vaporization of the enclosed isopentane capsule. The falling ROBINS are tracked by one radar set of each type and space-position data in terms of azimuth, elevation, and range is obtained. This information is then reduced (see Reference 1 for a detailed method of data reduction) to the necessary meteorological data (winds, pressure, temperature and density).
The accuracies of the radar used in this experiment are given by the Air 
DATA
Data used in the comparison of the two types of radar were taken from the 32 soundings at altitudes decreasing from 70 to 30 km. For each height H being studied, the data point on the FPS-16 sounding nearest the desired height was chosen. The actual altitude Zf , the zonal wind Uf, and the meridional wind Vf for this data point on the FPS-16 sounding were tabulated and the observation time noted. This observation time was used to enter the MPS-19 sounding for the same ROBIN flight to obtain comparative data Zm , U and Vm . Because of the difference in the tracking accuracy of the two radars, in general
The differences in Z , U and V form the basic data input for analysis. Samplings between 70 and 50 km were taken at 5 km intervals, while those ranging from 50 to 30 km were extracted at 2 km intervals.
In any ROBIN sounding the balloon eventually collapses because external pressure is greater than internal pressure. After this occurs the aerodynamics are unknown so that wind error increases and thermodynamic data cannot be derived. A method of detecting when the balloon has collapsed was devised by Engler 1 and is designated as the X (lambda) check. The 32 soundings were divided into two groups on the basis of failure above or below 50 km. In Group I, the X check indicated failure below 50 km (interpreted to mean that the balloon was inflated and spherical above this point). In Group II, the X check indicated that the balloon failed above 50 km (interpreted to mean that the balloon was never fully inflated).
As was noted, the main purpose of the balloon flights was to test various modifications of the instrument system; and Group I1 is divided into three classes depending upon the nature of the test. They are as follows: There were 15 soundings in Group I and 17 in Group I. In each group the data was pooled on the basis of height. The sum of the squares of the altitudes and of the winds, both meridional and zonal, were calculated for each level, and the mean value and the root mean square of each group was computed. The data was first tested to determine if the primary experimentations of the ROBIN flights had in any way affected the meteorological data gathered. The RMS wind vector differences (FPS -MPS) for each subdivision of Group II and for the Group as a whole were calculated ( Table 1 ) and plotted against height (see Figure 1) .
Examination of Figure 1 shows that no subdivision differs markedly or consistently with altitude from the over-all group value; hence the conclusion was reached that the wind data had not been affected by the experimentation. Also, on the basis of the graph, an analysis of variance was deemed unnecessary.
A second step was to determine if Group I and Group II varied significantly. If they did not, they could be combined into one group and more easily examined. A graph was plotted of the RMS wind vector differences (FPS -MPS) for each group against the height ( Figure 2 ). By inspection of the graph the groups did not seem to vary greatly, however, the variation was consistent, Group II having larger differences than Group I at all heights. An analysis of variance was made at 9 heights 4 to 5 km apart. The results are shown in Table 2 , from which it is concluded that there was a definite difference between the groups at the 516 level and between the individual heights at the 0. 1%6 level of significance.
In attempting to describe the behavior of the vector wind differences with altitude, the deviation between radars in reported heights was taken into account. To do this, a multiple correlation was performed on Group I, relating RMS AZ , H , and H 2 . Results of an analysis of variance (Table 3) showed AZ was not significant. Group 11 appeared to be very similar to Group I and, since the effect of AZ in Group I was so far from being significant, it was assumed to be insignificant in Group II.
This eliminated AZ from further consideration. The next step was to compute the relation of the RMS AW to H and H 2 for each group. Visual inspection of the graph ( Figure 2 ) suggested a quadratic model (RMS AW -a + bH + cH 2). This was fit by least squares, yielding the following equations: 
These equations made a highly significant reduction in the variance as is shown by the analysis in Table 4 . In spite of the significance, this fit was judged to be unsatisfactory as the estimated minimum values of RMS AW did not occur at the bottom of the profiles as might be expected. By differentiating the model equation and equating it to zero, the height at which the minimum value of RMS AW occurs is Other curve types were investigated and plotting of reciprocals (see Figure 3 ) led to the decision to employ the form 1/RMS AW a a + bH . This was fit by least squares to the data for each group separately and to the pooled data for both groups, and the following equations were obtained. 
Combined: 1/RMS AW = 0. 30499 -0. 00404 H
The reduction in variance provided by these equations is shown in Table 5 . The F ratios for each group are smaller than for the quadratic equations but the level of significance is still one-tenth percent. If, as is expected, the MPS-19 error is much larger than the FPS-16 error, the effect of the squared relationship will be that E 9 will be only slightly smaller than RMS AW. Thus the equations for 1/RMS AW given above can be taken an descriptions of the maximum possible value of the RMS error in winds determined estimates for the errors above 65 km than seem reasonable and yields negative values above 70. 9 km. It appears to underestimate the errors below 45 km from the practical standpoint since it refers to spherical targets and, in actuality, most inflated ROBINS are no longer spherical after they fall below about 40 km and are probably departing from sphericity for some distance above this level. In this sample, the average height at which the lambda check indicated collapse for the flights in Group I was 45 km. An estimate of E16 that seems reasonable can be obtained by combining information available from this sample with that yielded by previous studies. It is noted that RMS AW at 30 km is larger for Group II than for Group I. This implies that, after they have both been collapsed by external pressure about as much as they can be, the error in winds from an uninflated balloon is greater than the error in wind for an inflated balloon. This relationship is assumed to hold through all altitudes, although not at a constant value, until a height is reached where the normal ambient pressure is insufficient to prevent a balloon from being inflated to nearly spherical shape by the air entrapped in packaging. This altitude is estimated as 76. 7 km by, solving Equations (3) and (4).
In Table 7 of Reference 5, the error in uninflated balloons is given as 3. 85 at 64 km and 2. 95 at 43 km. These points yield l/E 1 6 = 0. 50123 -0.00377 H .
(6)
Equation ( l/E 1 6 ' 3. 14683 -0.03921 H
This fit is not especially good -the F-ratio has a probability between 10 and 25 percent of being exceeded if no relationship actually exists. A better fit, or other assumptions, would have little effect on the final results so this equation is accepted.
Expressions can be obtained describing the change of E 1 9 with altitude by combining Equations (3) and (7) for inflated targets (Group I) and Equations (4) and (6) for uninflated targets (Group II). They are rather complicated and are not presented here because of their inconvenience in estimating magnitudes of E 19 Instead, the values of El6 and E 1 9 have been computed for several altitudes for each group of soundings and are given in Table 6 . Several other methods of estimating E 1 6 were tried and discarded on the grounds of internal inconsistencies or contradictory implications resulting from them. None provided drastically different estimates of E 1 9 , however. It may be noted from Table 6 that the estimates of E 9 do not differ by as much as 1 meter per second from the values of RMS AW. Values of the latter for Equation (5) are included in Table 6 as a general estimate of the accuracy of MPS-19 winds, knowing nothing about the state of the sphere.
Interpretation of the RMS statistic depends upon the assumption that the error being dealt with is random error. To check this a bias analysis was run on the combined data by computing mean values for each level. These values are shown in Table 7 . While none are zero, most vector means are smaller than 2 mpe and the component means show (for the most part) no systematic behavior in magnitude or algebraic sign. The exceptions are the two highest levels, 70 and 65 km. The dispersion about the bias at these levels differs by less than 5% in the extreme case, and generally by less than 1% when the groups are examined separately.
This implies that the differences computed from individual runs tend to have offsetting algebraic signs, which is the case. The observed deviations from a zero mean can ne ascribed to the effects of sampling and the RMS accepted as a measure of random error.
Thermodynamic Parameters
Evaluation of the accuracy of thermodynamic data obtained with MPS-19 tracking was attempted unsuccessfully. Very few points were available for comparison because of the relatively few soundings (15) which could be regarded as made by rigid spheres and because of the limited altitude range for which coincident MPS-19 and FPS-16 data points existed. These soundings and ranges are indicated in Table 8 .
The few available points were processed, nevertheless, but the results were meaningless, as expected. At some altitudes the mean square error in parameters determined by the MPS-19 turned out to be negative. In other cases the MPS-19 error was estimated to be equal to or even an order of magnitude smaller than the FPS-16 error. The combination of a limited range of altitudes with excessive variability due to a small sample rendered the rational estimation of the MPS-19 accuracies impossible. From the practical standpoint, applying the criteria for a rigid sphere pertinent to the FPS-16 tracking to data obtained with MPS-19 would reject all but two of the soundings yielding valid thermodynamic data. As can be seen from Table 8 , the MPS-19 data indicates failure above 50 km on all runs except 8 and 21. This would be interpreted to mean that targets had never been fully inflated on any but two flights, each of which provided data for less than 1 km of altitude. The obvious
